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また、Pt サイトまたは Sb サイトの原子を置換した物質のバンド構造を計算し、熱電性能の向
上する可能性のある物質を調べた。その結果、Sbを Asまたは Pに置換した物質において、高温
域におけるゼーベック係数が大きく上昇する事がわかった。 
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?????????????????????? t3 =  0:1eV?????K-M????????
??????????
???t2, t3 ?????????????  ??????????????????
????????NaxCoO2 ???t2=t1 ? t3=t1 ?????????????   ??????














































? 4.4 (a)2 ????????????????? (b) ?????????????? (c)(d)
?????? 5???????????? t1 ?? t5 ??? CuAlO2 ? NaxCoO2 ?????
??????
?????????????CuAlO2 ????? t2=t1 ????????t3=t10:1??????
?  ??????????????????????? t3 ?????? K-M????????
?????????????
???????? t3=t1 ???????? K-M-K????????????????t4 (t5) ?
? (?)??????????M????? K???????????????????t4=t1 ?
t5=t1 ?????? K??M??????????????????????????????)
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t2 /t1=  0.1











t3 /t1=  0.0
t3 /t1= -0.1
t3 /t1= -0.3
t2 /t1=  0.1
t2 /t1=  0.0
t2 /t1= -0.2
t2 /t1= -0.4
? 4.5 t1 ? t2 ??? t3 ?????? 2???????????????? t2, t3 ???
4.1.5 3d ?????????????????????? NaxCoO2 ????
???
CuAlO2 ? NaxCoO2 ?????????????????????? 3d3z2 r2 ??????
????????????????? t1 ???? t2 ???????????????????
???3d3z2 r2 ??? 1???????? t2=t1 ????????????? (? 4.4??)???
??3d3z2 r2 ????????????? 2???????????????????????
??????? 1?????????? t2 ???????????? t2 ??????????
????
Cu/Co? 3d ???????????????
???????Wannier ?????? Cu ??? Co ? 3d ???????????????
(? 4.6)????d3z2 r2 ????? d ??????????????????????????
34 ? 4? Result and Discussion
  














    
    





















???dyz=zx ??? Onsite??????????dyz=zx ????????????????
????????????????????????????????????dyz=zx ????
??????????????
???dxy=x2 y2 ??? Onsite??????dxy=x2 y2 ??????????????????
?????CuAlO2 ??????????????????????NaxCoO2 ?? dxy=x2 y2 ?
?????????????????????CuAlO2 ?? dxy=x2 y2 ???????????
??????????????
????CuAlO2 ? NaxCoO2 ?????d3z2 r2 ???????? 1?????? t2????
?????3dxy=x2 y2 ?????????????????????????????????
???????????3d ?????? d3z2 r2 ? dxy=x2 y2 ??????? 2???????
???????????3dxy=x2 y2 ???????????????????????????
CuAlO2 ???? d3z2 r2 ?????????????? 3dxy=x2 y2 ?????
? 4.7(a) ??CuAlO2 ? 3d ???????? d3z2 r2 ????? 1 ???????????
???????????????????? 4.7(b)??d3z2 r2 ??? 1??? dxy=x2 y2 ??
????????? 1 ???? dxy=x2 y2 ????????????????????????
??? 4.7(c)??d3z2 r2 ??? 2??? d3z2 r2 ?????????????????????
????
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????? 4.7????? d3z2 r2 ??????????????????????????
?????????? 4.7(b)(c)??????????????????? 4.7(a)? d3z2 r2 ??
?????????????????????????d3z2 r2 ??? 1 ??? dxy=x2 y2 ??
???????dxy=x2 y2 ????? 2?? 3??? d3z2 r2 ???????????1????
?? t2, t3 ??????????????
? 4.7 CuAlO2((a)   (c)) ??? NaxCoO2((d)   (e)) ? Cu/Co-3d ??????????
????????????????? d3z2 r2 ??????????(a)(d) ? 1 ????
d3z2 r2 ??????(b)(e) ? 1 ???? d3z2 r2 -dxy=x2 y2 ??????(c)(f) ? 2 ???
? d3z2 r2 ??????
?????????? 2???? d3z2 r2 ??????? (? 4.7(c))??K?????M??
?????????1??????????t2=t1  0?????KM????????????
????
????? 4.7(b)????????? dxy=x2 y2 ?????????? K?????M??
?????????????? 1??????????t2=t1  0??? t3=t1  0??????
?????? 2??? d3z2 r2 ??????????dxy=x2 y2 ?????????????1?
??????? t2=t1 ?????????????????????????????????
??????????? 2 ??????????? t2 ??????????????????
???
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NaxCoO2 ???? d3z2 r2 ?????????????? 3dxy=x2 y2 ?????
???t2 ????? NaxCoO2 ???????????
??? 4.7(d)??d3z2 r2 ????? 1????????????????????????
4.7(e)??? 1??? dxy=x2 y2 ???????????????????????? 2???
d3z2 r2 ????????????????????? (? 4.7(f)) ?????????????
???????????????? NaxCoO2 ????? 2 ??? d3z2 r2 ?????????
?dxy=x2 y2 ??????????????????????1???????? t2 ??????
?????????
3dxy=x2 y2 ???????????
CuAlO2 ? NaxCoO2 ???d3z2 r2 ??? 1?? dxy=x2 y2 ???????????????
???????????????Cu/Co ?????????????????????? a(b)
??????? (? 4.1 ??)????Cu/Co ? d ??????? 3d ????????d3z2 r2
? dxy=x2 y2 ????????????????????????????????????
3dxy=x2 y2 ?????????????????
??????d3z2 r2 ? dxy=x2 y2 ?????? Ed = E(dxy=x2 y2 )   E(d3z2 r2 )??????
????? 4.8???????CuAlO2 ????? Ed =  0:2eV?????????NaxCoO2
????? Ed = 1eV?????????NaxCoO2 ??????????????? d3z2 r2
?? dxy=x2 y2 ???????????d3z2 r2 ???????????????????
??? Ed ??????
??? Ed ????????????????????????????NaxCoO2 ?? Co
???????????????????????????????????????????
?????????????CuAlO2 ????? Cu???????????????? 4.8??
?????????????????????????????? dxy=x2 y2 ????????
???????z ?????? d3z2 r2 ?????????????????????????


























? 4.8 CuAlO2 ? NaxCoO2 ? 3d ???????????????????
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4.2 PtSb2
??????????????????????? (ref.[36]?? 4.5?? 4.6)?????
? 4.5 PtSb2 ?????????
??? a(Å) b(Å) c(Å)
PtSb2 Pa¯3(No.205) 6.4423 6.4423 6.4423
? 4.6 PtSb2 ?????
atom x y z
Pt 0 0 0
Sb 0.3753 0.3753 0.3753
4.2.1 ?????????
???????????? PtSb2 ???????????? Sb? 5p??????? 24??
??????????? 4.9(a)????????????PtSb2 ??????????????
???????????????????????????????????????????
?????????????  ? X????M?   ???????????????????
???????????????????????????????? 0.01%????????





5d ??? Sb? 5p?????????? 44???????????????????????
?????????????????Pt:d ??? Sb:p?????????????? (? 4.9??
?????????????????? ( 2eV  0eV)???Sb:p?????????? Pt:d
????????????????????????????  4eV   3eV??????Pt:d
????????Sb:p???????????????????????????  6eV   4eV













































? 4.9 (a)PtSb2 ?????????????????? (???)???Sb:5p??????
? 24??????? (???)? (b)??????????
(b) δ=0.03(a) δ=0.01 (c) δ=0.10
? 4.10 PtSb2 ????????? ?????????? (a) = 0:01 (b) = 0:03 (c) = 0:10
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(a) (b) (c)




????? Pt:d ??? Sb:p????????? (antibonding p-d bands)??????????
????????????????????Sb:p??????????Sb:p non Bonding Band??
Pt:d ??????????Pt:d non Bonding Band??Pt:d ??? Sb:p???????? (bonding
p-d bands)?????????






























???? 4.13 (a)??? T = 300K????????????????????????? (?
??)?????(b)???????? x = 0:01;0:03;0:10%????????????????

























????????????????????? Edp ??? d ??? p ??? 2 ????
????????????p? d ?????????????????????????? (?
4.14(a)??)??????????????????? p???????????????? (?
4.12??)???????????????????????????????????????
??????????????????? E ?????? 4.14(a)?????p-d ??????
??????? tdp ? p-d ??????? Edp ???????E ????????????
????? 4.1?????????????????? Eg ??E+ ? Edp ?????????













































? 4.13 PtSb2 ?????????????? (a) ??????????????????
(?? 300K) (b)????????????? (c)????????????????
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Pt:d ??? Sb:p????????? tdp ??????????????????????
?????????????? tdp ???????????????? Eg ????????
???????????????????????????????????????Wannier
???????PtSb2 ? Pt:5d ??? Sb:5p?????? 44????????????????












Sb ???? P,As,Bi ?????????????????????????????????
[36]?????????PdP2, NiSb2, NiBi2, PdBi2 ????????????????????
??????????????
???????????? 4.15?????????PtP2 ????PtAs2 ??????????
????????????????????????????????
???? 4.7???????????????Edp?tdp ????? 4.2??????? Eg ?
???PtSb2 ?????????????????????????PtSb2 ??????PtP2 ?
PtAs2 ??? tdp ??????????Eg ??????????????
???????? tdp ???????????????????????Sb????????
???Bi?Sb?As?P???????? 1.04, 0.93, 0.88??????????Pt? Sb????
??????????dp????????????????????????????????
















































? 4.14 (a)PtSb2 ???????????? (b)PtSb2 ? Sb:5p??? Pt:5d ???????
44????????????d ??? p????????? tdp ? 1.2???????? (?





? 4.7 ???? a???????????? d ??? p?????? Edp ???????
tdp?? 4.2????????????? Eg (PtSb2 ??????????????
NiP2 NiAs2 PdAs2 PdSb2 PtP2 PtAs2 PtSb2 PtBi2
a 0.85 0.89 0.93 1.00 0.88 0.93 1.00 1.04
Edp 0.41 0.33 1.33 1.45 0.63 0.76 1.00 1.08
tdp 0.81 0.72 0.97 0.86 1.22 1.13 1.00 0.88




































































































































? 4.15 XY2 ??????????????????????
4.2.6 PtAs2 ? PtP2 ??????????????
???PtAs2 ? PtP2 ???????????????????As(P) ? 4p (3p) ??????
? 24 ?????????? ?????????????? 4.16 ????????? 4.17 ??
??????? 4.18????
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???????????????????????????? PtSb2 ???????????
????????????????????? (x = 0:01??)???????????????
???????????????????? PtSb2 ???? p???????????????
????????????????????????PtAs2 ? PtSb2 ????????????
?????????PtP2 ?? R??  ??????????????????(???????
???????? 4.19???)?????????????????????????????














































































? 4.16 (a)PtAs2 ?????????????????? (???)???As:4p??????
? 24??????? (???)? (b)PtAs2 ? As:4p??? Pt:5d ????????? (c)PtP2
?????????????????? (???)???P:3p??????? 24??????
? (???)? (d)PtP2 ? P:3p??? Pt:5d ?????????
???PtAs2 ? PtP2 ?????????????????????????????????









































(a) PtAs2 (b) PtP2
? 4.17 ???? (a)PtAs2 (b)PtP2
a)?PtAs2
b)?PtP2
a) x=−0.10 b) x=−0.03 c) x=−0.01 d) x= 0.01 e) x= 0.03 f) x= 0.10
a) x=−0.10 b) x=−0.03 c) x=−0.01 d) x= 0.01 e) x= 0.03 f) x= 0.10
Γ XM
R
? 4.18 ????? (a)PtAs2 (b)PtP2
























































































? 4.20 ?????????????? (a)PtAs2 (b)PtP2
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4.3 BaTi2Sb2O
??????????????????????? (ref.[28]?? 4.8?? 4.9)?????
? 4.8 BaTi2Sb2O?????????
??? a(Å) b(Å) c(Å)
BaTi2Sb2O P4=mmm(No.123) 4.11039 4.11039 8.08640
? 4.9 BaTi2Sb2O?????
atom x y z
Ba 1/2 1/2 1/2
Ti 1/2 0 0
Sb 0 0 0.75221




??????????? 4.22 ???????????Ba:5d ??? Ti:3d ??? Sb:5p ???
O:2p?????????????????????????????????????????
????????????????????? Ti:3d ???????? Ba:5d ??? Sb:5p??
?????????????????Ti?? d ???????????? 4.23???????
??????????????????????????3d3z2 r2 , 3dx2 y2 , 3dxy ????3dxz,
3dyz ??????????????????????
4.3.2 ???Wannier????????????







??????????????????? 1????? 2????? 3???????????
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Ba : d ??















Ti : d ??















Sb : p ??















O : p ??















? 4.22 BaTi2Sb2O????????????? Ba:d, Ti:d, Sb:p, O:p???????




??????U = 1:59eV;U0 = 1:272eV; J = J0 = 0:159eV,?? T = 0:06eV,?? 16  16  16,
????? 256????
?????????????????(k x; ky) = (0;); (;0) ???????? [29]???
??????????????????????????????? 4.28 ?????????
d3z2 r2 ??? dxy ????????????????????????
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Ti : d3z  -r
















Ti : dx  -y



































































2 2 2 2
? 4.23 BaTi2Sb2O????????????? Ti?? 3d ???????
4.3.4 ???????????????????
?????????????? 4.29 ????(? 4.29 ????????????????
???????????????????????????????????????????
????? 1?3??????????????kz =  ??? 3??????????????
??)?????kz = 0; 2 ??? 1????? 3?????????????????????
???kz =  ??? 1 ?????? 2 ?????????????????????????
???



















































































2 2Ti : d3z  -r Ti : dx  -y
2 2 Ti : dxy
EF EF EF
EFEF
? 4.25 BaTi2Sb2O? Ti:3d ??????? 10???????????????
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kz =kz = 0  pi





































k  = 0z k  =
2
pi?
z k  = piz










































































































































k  = piz









?????????????????NaxCoO2 ??  ??????????CuAlO2 ?? BZ?
???????????????????????????NaxCoO2 ???? CuAlO2 ???
????????????????? t2 ????????????????? t2 ??????















?????????????????????? (kx ; ky ) = (0;); (;0) ?????????
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